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(54) HARD COATING ULTRAHIGH TEMPERATURE HIGH PRESSURE SINTERED 

MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hard coating sintered material used for cutting 
tools, etc., with improved adhesion of hard coating and adjacent material. 
SOLUTION: This is the hard coating ultrahigh temperature high pressure sintered material 
consisting of coated base material of ultrahigh temperature high pressure sintered material 
containing cubic system boron nitride and/or diamond and its coating containing hard coating 
of one kind of single layer or muiti layers of more than two kinds chosen among Ti compounds 
layers and Ti-Ai compounds layers and its coating consisting of cubic system crystal structure. 
Regarding the hard coating, when an X-ray diffraction is carried out on the indicated range of 
crystal faces (111), (200), (220), and (311) of the hard coating, (200) crystal face shall show 
the highest peak strength (shown as 'A') of X-ray diffraction peaks and shall have the relation 
of A/B>8.5 against the second highest peak strength (shown as 'B') and the relation of B/C< 
2.0 between B and the third highest peak (shown as 'C'). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use off this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to the hard film covering super-elevated-temperature 
high-pressure sintered compact with which the coat containing the hard film which comes by the 
monolayer of Ti compound layer and/or a Ti-ahuninum content compound layer or the multilayer on the 
base material of the super-elevated-temperature high-pressure sintered compact containing cubic boron 
nitride and/or a diamond was covered. 
[0002] 

[Description of the Prior Art] The super-elevated-temperature high -pressure sintered compact which 
sintered from the former the diamond which is the super-high degree-of-hardness matter, the powder of 
cubic boron nitride and a metal and/or mixed powder with the powder of the ceramics with super- 
elevated-temperature high pressure installation is used. This super-elevated-temperature high-pressure 
sintered compact is used as a base material, and the hard film covering sintered compact which covered 
the hard film on this base material using chemical vapor deposition (henceforth a "CVD method"), 
physical vapor deposition (henceforth "PVD"), or a plasma-CVD method is proposed. JP,59-8679,A, 
JP,61-183187,A, JP, 1-96083, A, JP,1-96084,A, and JP,7-24606,A are one of the typical things of this 
hard film covering sintered compact. 

[0003] Moreover, cemented carbide, the sintered alloy of a cermet, or a ceramic sintered compact is 
used as a base material from the former, and it has used with gestalten with the various covering 
sintering member which covered the hard film on this base material using a CVD method, PVD, or a 
plasma-CVD method. Although the crystal structure of the hard film was observed among these 
covering sintering members, to a typical thing JP,52-28478,A, JP,8-209335,A, a publication-number No. 
291353 official report, JP,9-295204,A, JP,9-300105,A, JP,9-300106,A, JP,9-323204,A, JP,9-323205,A, 
JP, 1 0-76407,A, There are JP, 1 0-76408,A, JP, 11-1 762,A, JP,1 1-33121 4, A, JP, 1 1 - 1 3 1 2 1 5,A, JP, 1 1 - 
131216,A, and JP.l 1-131217.A. 
[0004] 

[Problem(s) to be Solved by the Invention] Among the bibliographies mentioned as a conventional 
technique, the super-elevated-temperature high-pressure sintered compact which mainly contained cubic 
boron nitride is used as a base material, and the hard film covering sintered compact which covered hard 
film, such as carbide of Ti, a nitride, carbon nitride, and an aluminum oxide, on this base material front 
face at the monolayer or the multilayer is indicated by JP,59-8679,A, JP.61 -1 83 1 87,A, JPJ -96083, A, 
JP, 1 -96084,A, and JP,7-24606,A. The hard film covering sintered compact of an indication in this 
official report of these five affairs may be characterized [ main ] by the base material presentation 
component of a sintered compact, when characterized [ main j by the configuration of the hard film 
which becomes by the monolayer or the multilayer when characterized [ main ] by the membraneous 
quality of the hard film. Although it is thought that the hard film covering sintered compact of an 
indication is uniting with the official report of these five affairs apparently the effectiveness which was 
excellent in the base material itself, and the effectiveness which was excellent in the hard film itself, 
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since it is not especially considered about the compatibility of a base material and the hard film, there is 
a problem of becoming a short life by exfoliation of the hard film. Moreover, it stems from an ecology 
problem like recent years, and a saving-resources problem. As opposed to the cutting tool suitable for a 
demand of commercial scenes, such as the optimal cutting tool accompanying diversification including 
the material change of the tool for dry cutting cut without using cutting oil, and **-ed material etc., 
further high-speed -cutting conditions, heavy load cutting conditions, and high efficiency cutting 
conditions, etc. The hard film covering sintering object of an indication in the official report of said 5 
affairs has the problem that the inclination which becomes a short life with lack of the ease of 
exfoliating of the hard film or thermal resistance, and thermal shock resistance etc, is high, 
[0005] JP,52-28478,A, JP.8-209335,A which were mentioned as other bibliographies, A publication- 
number No. 291353 official report, JP,9-295204,A, JP,9-300105,A. JP.9-300106A JP.9-323204,A, 
JP.9-323205.A, JP,10-76407,A, JP, 10-76408 A JP,1 1-1762A To JP.i 1-131214.A, JP.l 1-13I215.A, 
JF, i 1-13121 6, A, and JPJ 1-13 1 2 1 7, A Cemented carbide, the sintered al loy of a cermet, or a ceramic 
sintered compact is used as a base material, lite compound nitride which contains a periodic-table 4a 
group's carbide, nitride, carbon nitride and titanium, and aluminum on this base material, The covering 
sintering member with which the hard film of compound carbide, compound carbonitride, a compound 
nitric oxide, a compound carbonation object, and the Ti-aluminum content compound that becomes by 
the compound charcoal nitric oxide was covered is indicated. 

[0006] The covering sintering member of an indication in this official report of these 15 affairs is 
characterized by carrying out orientation of the hard film on the front face of a base material mainly to 
various gestalten. In this official report of these 15 affairs, when the residual compression stress in the 
hard film is being taken into consideration, the crystal orientation in the hard film may be taken into 
consideration, and control of the intergranular fracture in the hard film, improvement in the adhesion of 
a base material and the hard film, wear-resistant improvement, stable cutting, or long lasting 
achievement is indicated as the effectiveness. However, the covering sintering member of an indication 
in this official report of these 15 affairs From the defect of a crystal and distortion which exist in the 
hard film not being considered, and not being especially considered about the compatibility of a base 
material and the hard film Cannot be satisfied with adhesion with other film contiguous to the adhesion 
and the hard film of a base material and the hard film. By the time it also satisfies the reinforcement of 
the hard film itself, and abrasion resistance, it will not result, but the variation in a life is large and there 
is a problem of mainly becoming a short life with lack of the ease of exfoliation of the hard film or 
thermal resistance, thermal shock resistance, etc, to a demand of a commercial scene which was 
mentioned above when it used as a cutting tool, 

[0007] This invention is what solved the above troubles. Specifically By mainly considering the defect, 
distortion, the crystal structure, and crystal orientation of the crystal of the crystal structure- 
compatibility of the base material of a super-elevated-temperature high-pressure sintered compact, and 
the hard film which adjoins this base material and is covered, and the hard film Raise the adhesion of a 
base material and the hard film extremely, and the variation in the property of the hard film is controlled. 
It considers as the hard film with high toughness, high degree-of-hardness nature, abrasion resistance, 
oxidation resistance, thermal shock resistance, defect resistance, and joining-proof nature. The use field 
as a cutting tool is expanded and it aims at offer of the hard film covering super -elevated-temperature 
high -pressure sintered compact which made the longevity life attain further by considering as the hard 
film which raised joining-proof nature with ** <ed material. 
[0008] 

[Means for Solving the Problem] this invention person used to acquire the knowledge that there is 
optimal hard film configuration, when making the front face of the base material which becomes with 
the super-elevated-temperature high-pressure sintered compact containing cubic boron nitride and/or a 
diamond as a result of continuing at a long period of time arid having done research on membrane 
formation of the hard film about a CVD method, PVD, and plasma PVD, especially research on the hard 
film by PVD cover the hard film which becomes in Ti compound layer and/or a Ti -aluminum content 
compound layer. If it changes into the condition of performing improvement in the plasma consistency 
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at the time of membrane formation of the hard film, and improvement in ionization efficiency, and 
carrying out gaseous-phase method epitaxial growth farther if this knowledge is explained concretely 
The defect of the crystal of the hard film is controlled { that the distortion in the hard film is eased by 
homogeneity, ], From that the hard film of a fine crystal is obtained, and becoming the hard film of the 
crystal which is not seen and which changed orientation into the optima! condition extremely at the 
former The 1 st knowledge that become possible to raise the reinforcement, the abrasion resistance, the 
oxidation resistance, and thermal resistance of the hard film itself, and improvement in the adhesion of 
the hard film and a base material becomes remarkable, When the X diffraction of the orientation 
condition of the crystal of the hard film is carried out from the front face of the hard film, its 2nd 
knowledge that it can judge when the peak intensity of the crystal face becomes extremely high to other 
crystal faces (200) in the hard film is main. Based on these knowledge, it comes to complete this 
invention. 

[0009] The coat is covered by the front face of a base material on which the hard film covering super- 
elevated-lemperature high-pressure sintered compact of this invention becomes with the super-elevated- 
temperature high-pressure sintered compact containing cubic boron nitride and/or a diamond. This coat 
Ti compound layer which becomes by the carbide of titanium, a nitride, carbon nitride, the earbonation 
object, the nitric oxide, and the charcoal nitric oxide, And the compound nitride containing titanium and 
aluminum, compound carbide, compound carbonitride, It has one sort of monolayers or two or more 
sorts of multilayer hard film which were chosen from the Ti-aluminum content compound layers which 
become by the compound nitric oxide, the compound earbonation object, and the compound charcoal 
nitric oxide. This hard film that adjoins this base material arid is covered consists of the cubic crystal 
structure, and a copper target is used from the front face of this hard film. (Ill) of this hard film, and 
(200) - when the X diffraction of the range where the crystal face is displayed is carried out, and (220) 
(311) The crystal face (200) shows high peak intensity (it expresses "A") to the 1st in an X diffraction 
peak. The ratio of high peak intensity becomes the 1st or more from 8.5 (A/B>=8.5). peak intensity (it 
expresses "B") high to the 2nd is received - this - and peak intensity (it expresses "C") high to the 3rd 
is received - this - it is characterized bv the ratio of high peak intensity (B) becoming the 2nd or less by 
2.0 <B/C<*2.0). 

[0010] The hard film covering super-elevated-temperature high-pressure sintered compact of this 
invention demonstrates the SHINAJ.I effectiveness that abrasion resistance is also excellent while raising 
the reinforcement of the hard film itself, and toughness by applying a gaseous-phase method epitaxial 
growth technique, strengthening orientation of the crystal face in the hard film (200) which becomes by 
the monolayer of Ti compound layer and a Ti-aluminum content compound layer, or the multilayer, and 
controlling the distortion in the hard film as much as possible. When an X diffraction is carried out using 
a copper target from the front face of this hard film, the peak intensity (A) of the crystal face over peak 
intensity (B) (200) high to the 2nd less than by 8.5 (A/B<8.5) and peak intensity (C) high to the 3rd is 
received - this, when the ratio of high peak intensity (B) becomes high the 2nd exceeding 2.0 (B/O 
2.0) (200) Since the stacking tendency to the crystal face is weak, the defect in the film and distortion 
become large and the above-mentioned SMINAll effectiveness becomes weak, it is determined as the 
peak height ratio of the above crystal faces. The peak intensity ratio of this crystal face is promotion of 
much more crystal stacking tendency and control of a defect or distortion will be caused, and adhesion 
with a base material will be raised, and desirable [ consisting of A/B>=9.0 and B/C<=1 .5 is desirable, 
and ], when becoming by A/B>=10.0 and B/C<-!.5 especially. 
[0011] 

[The mode of implementation of invention] using the super-elevated-temperature high -pressure sintered 
compact containing the cubic boron nitride and/or the diamond which serve as practical use or common 
knowledge from the former cuts the base material in the hard film covering super-elevated-temperature 
high-pressure sintered compact of this invention. With the base materia! of the super-elevated- 
temperature high-pressure sintered compact which cubic boron nitride contained, specifically 20 - 98 % 
of the weight and the remainder the content of cubic boron nitride 4a and 5a of the periodic table, 6a 
group's metal, the metal of Mn, Fe, nickel, Co, Si, aluminum, and Mg, The cubic boron nitride content 
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sintered compact which becomes by these alloys, these carbide, the nitride, the oxide, boride, and one or 
more sorts of reinforcement distribution matter chosen from these mutual solid solutions can be 
mentioned. Moreover, in the base material of the super -elevated-temperature high-pressure sintered 
compact which the diamond contained, for example, the diamond content sintered compact which 
becomes about the content of a diamond by 70 - 99 % of the weight and the reinforcement distribution 
matter with the above-mentioned remainder can be mentioned. Furthermore, in the base material of the 
super-elevated-temperature high-pressure sintered compact with which cubic boron nitride and a 
diamond were intermingled, for example, the sintered compact which becomes about 15-80 % of the 
weight and the content of a diamond in the content of cubic boron nitride by 1 5 - 80 % of the weight and 
the reinforcement distribution master with the above-mentioned remainder can be mentioned. 
[0012] Cubic boron nitride among these base materials 40 - 98 % of the weight, The compound boride 
with which the remainder contains the carbide of Ti, a nitride, carbon nitride, boride, the nitride of 
aluminum, an oxide, boride, the nitride of Si. carbide, the oxide of Mg, the carbide of W and these 
mutual solid solutions, Ti, and aluminum and Mg, compound and aluminum, Ti, Co, nickel, 

Si, In becoming with die super-elevated-temperature high-pressure sintered compact containing these 
mutual alloys and at least one sort of reinforcement distribution matter chosen from internietailic 
compounds The orientation of the hard film covered by the base material front face comes to be 
[ excelling in properties, such as reinforcement of the base material itself, and a high degree of 
hardness, ] easily excellent, (200) - and (220) (3 1 1) it is desirable from the X diffr action peak of the 
crystal face (200) becoming extremely high to other crystal faces among the crystal faces, and excelling 
in the adhesion of a base material and the hard film, and the defect in the hard film being controlled, 
[namely, (111), ] 

[0013] These base materials are desirable things from frictional resistance becoming low, the dry area of 
a hard film front face and a **-ed material front face being controlled, and the improvement 
effectiveness in a life becoming high, when surface precision was made high, and the inclination for the 
surface precision of the hard film covered by the base material front face to also become high is shown, 
for example, is used as a cutting tool. The surface precision of a base material has desirable 0,1 
micrometers or less at Ra which is the center line average of roughness height in the surface roughness 
specified to JIS B0601, and, as for more desirable one, Ra consists of 0.05 micrometers or less, 
[0014] ff the configuration of the coat covered by these base material front faces is concretely divided 
roughly, when a base material front face will be adjoined and only the direct hard film will be covered, 
the hard film and other film other than the hard film may be covered by the base material front face. 
Among these, if the latter coat configuration is explained, the configuration by which sequential 
covering of the film besides base material-hard film - was carried out, the configuration by which 
sequential covering of the film-hard film besides base material-hard film - was carried out, arid the 
configuration to which the laminating of the hard film and other film was carried out repeatedly twice or 
more, respectively can be mentioned. The hard film which adjoins a base material and is covered 
consists of the cubic crystal structure among these, and crystal orientation by the X diffraction 
mentioned above is performed. 

[0015] When the front face of the hard film which these coat front faces adjoin a base material, and is 
covered turns into a coat front face as it is, other film may serve as a coat front face. When this coat 
front face was preferably set to 0.05 micrometers or less and it is used as a cutting tool 0.1 micrometers 
or less by center line average-of-roughness-height Ra in the surface roughness specified to JIS B0601 , 
from that the damage to **-ed material is eased, that cutting force is eased, and discharge of a chip 
becoming easy, it becomes long lasting and it is much more desirable thing. 

[0016] As this coat configuration, about the fundamental configuration of the hard film, if it explains to 
a detail still more concretely A base material-TiN layer, a base materiai-TiC layer, a base material-T i 
(N, C) layer, a base material -Ti (N, O) layer, A base materiai-Ti (C, O) layer, a base material -Ti (N, C, 
O) layer, a base materiai-(Ti, aluminum) N layer, A base material-(Ti, aluminum) (N, C) layer, a base 
material-ffi, aluminum) (N, O) layer, A base material-TiN layer-fTi. aluminum) N layer, a base 
materiai-Ti (N, C) iayer-(Ti, aluminum) N layer, A base materiai-Ti (N, O) iayer-('fi, aluminum) N 
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layer, a base rnaterial-Ti (C, O) iayer-(Ti, aluminum) N layer, a base material-Ti (N, C, O) iayer-(Ti, 
aluminum) N layer, or the hard film that carried out the three or more layer laminating of these can be 
mentioned as an example of representation, 

[0017] moreover, as a coat configuration adapting these hard film 203 layers of base material -TIN 
layer-aluminum, 203 layers of base material-Ti (N, O) layer-aluminum, 203 layers of base material-CD, 
aluminum) N layer-aluminum, 203 layers of base material-(Ti, aluminum) (N, 6) layer-aluminum, 203 
layers of base materia!-- TiN layer-(Tr, aluminum) N layer-aluminum, 203 layers of base material-TiN 
layer-(Ti, aluminum) (N, O) layer-aluminum, 203 layers of base material-TiN layer-columnar crystal Ti 
(C, N) layer-aluminum., 203 layers of base material-Ti (N, O) layer-columnar crystal Ti (C, N) layer- 
aluminum, The 203 layer-TiN layer of base material-TiN layer-aluminum, the 203 layer-TiN layer of 
base material-Ti (N, O) layer-aluminum, The 203 layer-TiN layer of base material-Ti, aluminum) N 
layer-aluminum, the 203 layer-TiN layer of base materiai-(Ti, aluminum) (N, 0) layer-aluminum, The 
203 layer-TiN layer of base material-TiN layer-(TL aluminum) N layer-aluminum, the 203 layer-TiN 
layer of base material-TiN layer-(Ti, aluminum) (N, O) layer-aluminum, The 203 layer-TiN layer of 
base material-TiN layer-columnar crystal Ti (C, N) layer-aluminum or the 203 layer-TiN layer of base 
material-Ti (N, 0) layer-columnar crystal Ti (C, N) layer-aluminum can be mentioned as an example of 
representation. 

[001 8] In becoming by the monolayer or the multilayer hard film which adjoins a base material among 
these coat configurations, and is covered It excels in adhesion by being the same crystal structure as the 
cubic boron nitride and/or the diamond which the hard film contains in the base material, It. is desirable 
From the cubic boron nitride in that the covering process of a coat is simple, becoming compaction of 
process time amount, that the variation on quality control decreases, and the base material at the time of 
hard film covering and/or the inverse transformation prevention effectiveness of a diamond being easy. 
Moreover, when it makes the coat configuration which becomes in the hard film contiguous to a base 
material, and the layer of the aluminum oxide contiguous to this hard film, or the coat configuration 
which repeated and carried out the laminating of the layer of the hard film and an aluminum oxide, it is 
desirable from demonstrating in multiplication the effectiveness by the layer of the aluminum oxide of 
raising the thermal resistance in an elevated-temperature field, oxidation resistance, and abrasion 
resistance further with the effectiveness of the hard film which adjoins the base material mentioned 
above and is covered. 

[0019] The hard film contiguous to the base material which becomes indispensable constituting these 
coats has the case of Ti compound layer which becomes by the monolayer or the multilayer. Ti(Cx, Ny, 
Oz) w[, however x this Ti compound layer The atomic ratio of the carbon (C) element in a nonmetailic 
element, The atomic ratio of the nitrogen (N ) element in a nonmetailic element and z y The atomic ratio 
of the oxygen (O) element in a nonmetailic element, w expresses the atomic ratio of a nonmetailic 
element to the titanium (Ti) element which is a metallic element, respectively — x+y+z — - — one — 0.5 

- > ::: — x — > — zero — one — >- — y — > ::: -- zero . — five — 0.5 — > ■ — z — >= — zero — i .05 — >= — 
w — > - — 0.7 ~ relation ~ it is — ] — expressing — having — Ti — a compound — a layer ~ becoming — a 
case — **** — a **** — hard — the film — effectiveness - easy — demonstrating — making — obtaining - 

- things — from — being desirable — things — it is . 

[0020] Moreover, the hard film contiguous to a base materia! has the case of the Ti-aluminum content 
compound layer which becomes by the monolayer or the multilayer, this Ti-aluminum content 
compound layer — w(Cx (Tia, Alb), Ny, Oz) |— however The atomic ratio of Ti (titanium) element in a 
metallic element and b a The atomic ratio of aluminum (aluminum) element in a metallic element, The 
atomic ratio of the carbon (C) element in a. nonmetailic element and y x The atomic ratio of the nitrogen 
(N) element in a nonmetailic element, The atomic ratio j as opposed to / as opposed to / in z / the atomic 
ratio of the oxygen (O) element in a nonmetailic element / the sum total of a metallic element in w ] of a 
nonmetailic element is expressed, respectively - a+b - ** - one - 0.8 - >= - a -- >- : - zero . - four - 
x+y+z - = - one - 0.5 -- >= - x - >** - zero one -- - y - > ::: - zero . - live -- 0.5 ~ >= - z - 
>= zero — 1.05 — >-'■■- — w — >~ — 0.7 — relation — it is --] — expressing — having ~ Ti-aluminum — 
content — a compound — a layer -- becoming — a case — **** — It is desirable from excelling in 
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abrasion resistance excelling in the adhesion and adjustment in a field side of a base material, the hard 
film, and an aluminum oxide with a layer, and hot, and oxidation resistance. Furthermore, the hard film 
is a desirable thing from consisting of a multilayer which becomes in Ti compound layer and a Ti~ 
aluminum content compound layer, and the configuration of this hard film demonstrating abrasion 
resistance and oxidation resistance in a larger temperature field with the same effectiveness as 
[0021] When the Tj -aluminum content compound layer exists m all hard film including the hard film 
contiguous to these base materials aluminum element content in a Ti-aSuminum content compound layer 
is decreasing toward a base material side from the front- face side of a Ti-aluminurn content compound 
layer, It is desirable from excelling in the reinforcement of that the adhesion of a base material and the 
hard film is excellent, and the hard film itself, and toughness, if it is made the so-called hard film of an 
inclination presentation, and the oxidation resistance of that a defect, distortion, and residual stress 
decrease and a hard film front face, abrasion resistance, and corrosion resistance being excellent, 
Though reduction of aluminum element at this time has increase and decrease in micro stair-like and in 
the shape of [ of a saw ] a cutting edge, when it decreases gradually in macro, the case where it is 
decreasing continuously parabolic and in the shape of a straight line is sufficient as it. 
[0022] the hard film which becomes in these Ti compound layers and/or a Ti-aluminum content, 
compound layer, especial ly the hard film contiguous to a base material - the inside of this hard film - 
4a and 5a of the periodic table, 6a group metal, an iron-group metal, and aluminum, Si, Mn and Mg -- 
minute amount content of the alloy of these or at least one sort of hard film strengthening matter in an 
btermetaSjic compound may be carried out When becoming by at least one sort chosen among these 
hard film strengthening matter from the metals of nickel, Co, W, Mo. aluminum, and Tt, these mutual 
alloys, and these intermetalhc compounds, it is desirable from a defect and distortion being eased, and 
the effectiveness of the above-mentioned hard film improving further, and becoming remarkable. 
Especially in the case of the element contained in the base material, and the base material which 
specifically becomes with the above-mentioned cubic boron nitride content sintered compact, when it 
consists of an element which constitutes the reinforcement distribution matter, it is a desirable thing 
from improving one layer of effectiveness nearby of the adhesion of a base material and the hard film 
with the effectiveness of the above-mentioned hard film. 

[0023] Specifically as a content of these hard film strengthening matter, it is desirable from the 
synergistic effect of excelling also in abrasion resistance being demonstrated while excelling in the 
collapse-proof reinforcement of the from both [ a perpendicular direction and / horizontal J a front face, 
and compressive strength-proof, when it contains below 1 volume % preferably below 3 volume % to 
the sum total of the hard film and the hard film strengthening matter, i of the compound hard film ] 
[ both ] 

[0024] Moreover, when the columnar crystal which grew peq)endieularly in the shape of a column to the 
base material front face as structure of the hard film itself is contained, it is desirable from the collapse- 
proof reinforcement from the front face of the compound hard film improving, and excelling in peeling 
resistance and minute-proof chipping nature. Specifically, the hard film containing this columnar crystal 
can illustrate the case where minute amount content of the hard film strengthening matter mentioned 
above in each of these granular crystals and columnar crystals is carried out, when the whole hard film 
becomes in the layer of a columnar crystal, it becomes in the intermingled layer of a granular crystal and 
a columnar crystal and it becomes in the laminating of the layer of a granular crystal, and the layer of a 
columnar crystal. 

[0025] The hard film covering super-elevated-temperature high-pressure sintering object of this 
invention which becomes in various kinds of above modes can be used for various kinds of applications, 
and, specifically, can be used as tools for antifriction, such as cutting cutting edges, such as a slitting 
machine, and a decision cutting edge, from mold tools, such as a lathe-turning tool, a milling cutter tool, 
a drill, a cutting tool represented by the end mill, and a dice. Among these, the hard film covering super- 
elevated-temperature high-pressure sintering object of this invention is a desirable thing from 
demonstrating the property of a base material and the hard film the optimal , when using it as cutting 
tools, such as rotation cutting tools, such as a cutting tool with which temperature, friction, a thermal 
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shock, a compression impact, etc. serve as a severe condition most in micro especially a drill, and an end 
mill and a throwaway tip. In using this hard film covering super-devated-lemperature high-pressure 
sintering object as a cutting tool, there is a problem of the cutting edge relevant to a nick, a chipping, etc. 
besides the problem of the profile irregularity in the front face mentioned above. The problem of this 
cutting edge is desirable [ it is also desirable to solve with honing configurations, such as beveling 
and/or R. form, and ] from excelling in the peeling resistance of a coat, and the minute chipping nature of 
a cutting edge, when coating thickness is decreasing toward a cutting blade edge line part especially, 
[0026] Moreover, the film thickness of each class which constitutes a coat is that it is desirable to set the 
total film thickness of a coat to 1-20 micrometers by the configuration of an application, a configuration, 
and a coat in choosing is desirable and using it for the severest cutting tool etc. Moreover, although it is 
also possible to thicken film thickness of a coat further when using it for a wear-proof tool etc., it is that 
it is desirable to make it above-mentioned total film thickness extent from a covering process serving as 
long duration etc. When becoming with stoichiometric composition, the case where it becomes with 
non- stoichiometric composition is sufficient as the reinforcement distribution matter which contains at 
first the hard film explained in full detail above in a base material, and it consists of non-stoichiometric 
composition substantially in many cases. 

[0027] The hard film covering super-elevated-tempcrature high-pressure sintering object of this this 
invention the super-elevated-temperature high -pressure sintered compact represented by the cubic 
boron nitride system sintered compact marketed from the former and the diamond system sintered 
compact or the super-elevated-temperature high-pressure sintered compact of cubic boron nitride 
content mentioned above is used as a base material. After grinding the front face of this base material if 
needed and performing ultrasonic cleaning, organic solvent washing, etc., a coat can be covered with the 
PVD, CVD method, or plasma-CVD method currently performed from the former on a base material, 
and it can produce. When especially the hard film that adjoins a base material front face and is covered 
is produced by the following PVD, it is a desirable thing from the property and adhesion of that the 
gaseous-phase epitaxial crystal growth and crystal orientation of that improvement in a plasma 
consistency and improvement in ionization efficiency are attained and the hard film itself become easy 
and the hard film being more excellent. 

10028} When the important description is concretely explained in full detail as an approach for covering 
the hard film which adjoins a base material front face and is covered, the front face of a base material At 
least one sort of mechanical processes in the blasting processing currently performed from the former, 
shot-peening processing, polish processing, and barrel processing, At least one sort of chemical 
preparation in washing by the surface corrosion by the electrolytic etching by the acid or alkaline 
electrolytic solution, the acid solution, and the alkali solution or water, and the organic solution, When 
processing chosen from coincidence or the art performed separately in this mechanical process and 
chemical preparation is performed, it is desirable from the ability to control [ that the defect on the front 
face of a base material is removable, that the adhesion of the hard film can be raised, that the distortion 
in the film can be controlled, and ] the defect in the film. Moreover, a base material is that it is desirable 
to add such mechanical treatment and/or chemical preparation, and heat treatment by low temperature, 
and to also heighten above-mentioned effectiveness. 

[0029] As for the covering approach of the hard film, it is desirable to carry out by the PVD represented 
by a sputtering technique and the ion plating method, and it is an especially desirable thing among these 
from adjustment of the hard film being easy when it carries out by the magnetron sputtering method or 
the arc-plasma ion plating method. When arranging a base material its the reaction container of an ion 
plating system, specifically carrying out bombardment processing of the base material front face and 
bombardment processing by the ion of a metallic element and/or a nitrogen element or bombardment 
processing by both metallic element ion and nonmetallic element ion is performed, above-mentioned 
effectiveness will be heightened and it is desirable. 

[0030] The still more concrete covering approach of the hard film needs to attach importance to the 
effect of equipment itself such as structure of a reaction container, and adjustment of the plasma. For 
example, the thing for which the equipment made to generate acceleration of ion and the plasma and the 



JP,2002-003284,A [DETAILED DESCRIPTION] 



Page 8 of! 3 



equipment which can adjust the plasma by the field are used with the power source (the pulse-like high 
voltage and a RF are added depending on the case) of the high voltage, In addition, the thing for which it 
is necessary to consider about arrangement of the ambient pressure force in a reaction container, 
temperature, an arc discharge current . electrical potential difference, base material bias voltage, and a 
sample etc., and especially an arc discharge electrical potential difference is made high to the 
conventional conditions among these, Rotation, vertical movement, etc. of making base material bias 
voltage high, taking in the gaseous-phase epitaxial crystal growth approach currently performed from 
the former, and a sample serve as important requirements. 
[0031] 

[Embodiment of the Invention] 

[Operation trial 1 J An operation trial explains the operation gestait of this invention explained in full 
detail abo ve as a still more concrete example of representation. First, the cemented carbide of 
SNGN 120408 configuration by the ISO standard produced through each process of the conventional 
combination, mixing, shaping, and sintering was made into base metal, the base material of the super- 
elevated-temperature high-pressure sintered compact of cubic boron nitride content which becomes the 
corner section used as the edge of a blade of this cemented carbide base metal of the presentation 
component shown in Table 1 was joined, and the compound sintered compact was obtained. This 
compound sintered compact joins directly the cubic boron nitride content presentation component 
shown in cemented carbide base metal and Table 1 by pressure 5.5GPa and super-elevated-temperature 
high-pressure sintering of temperature 3 773K. Moreover, the case where a super-elevated-temperature 
high-pressure sintered compact is joined to cemented carbide base metal by silver low attachment is 
sufficient as a compound sintered compact. The hard film was covered with the arc ion plating system, 
after having performed the grinding process for the vertical side and peripheral face of these compound 
sintered compacts by the diamond wheel of 270#, performing -25 degreexO. 10mm honing to the edge- 
of-a- blade section by the 400# diamond wheel and performing wet blasting processing, washing 
processing, and desiccation processing for a front face further. 

j 0032 1 The art covered the hard film, after carrying out bombardment processing of each concurrent- 
sintering body surface in a reaction container (especially base material front lace). Bombardment 
processing set [ the temperature of a vacuum and a base material J bias voltage of 60-80A, and a base 
material to -400--700V for 823-873K, and an arc current, and performed the ambient atmosphere in a 
reaction container by Ar-N2 gas bombardment. Ti metal (for Ti compound layers) or the Ti -aluminum 
alloy (for Ti-aluminum content compound layers) performed 150 - 450SCCM and an evaporation 
source, -100--200V performed [ arc voltage / 150-350V, and an arc current ] 773-923K, and base 
material bias voltage of a compound sintered compact for 150-250A, and the base material temperature 
of a compound sintered compact, and covering of the hard film obtained this invention article 1-10 
shown in Table 2 for the quantity of gas flow in a reaction container. 

[0033] The ambient atmosphere in a reaction container at the time of hard film covering at this time The 
case where the cases of a TiN layer and (Ti, aluminum) N layer are N2 gas presentation and Ti (C, N) 
layer An N2-C2H4 gas presentation, The case where the cases of a TiC layer are CH4 gas presentation 
and Ti (N, O) layer An N2-CO-C02 gas presentation, It carried out by the N2-CH4-CO gas 
presentation, and carried out by the case of Ti (C, N, O) layer having changed from the alloy with many 
Ti elements to the evaporation source of this invention article 4 to the alloy with many aluminum 
elements, and this invention article M0 with which the hard film shown in Table 2 was covered was 
obtained. 

[0034] The hard film shown in Table 3, respectively was covered on the front face of the isomorphism- 
like compound sintered compact which carried out silver low attachment of the super-elevated- 
temperature high-pressure sintered compact of the cubic boron nitride content marketed, and obtained it 
to cemented carbide as a comparison, and the comparison article 1-5 was obtained. The front face of the 
compound sintered compact of use in the above-mentioned this invention article 1-10 was f the front 
face of the compound sintered compact of use in the comparison article 1 -5 of the surface roughness of a 
compound sintered compact ] Ra : =0. 1 -0.05microm.eter to Ra=0.01-0.005micrometer. Except for wet 
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blasting processing, others processed almost similarly the surface preparation of the compound sintered 
compact in the comparison article 1-5 among the surface preparation of this invention article mentioned 
above. Moreover, Ar gas performed bombardment processing in this comparison article 1-5, and 
covering of the hard film processed arc voltage almost similarly among the processing conditions of the 
hard film of this invention article mentioned above except having set 150-200A, and base material bias 
voltage to -80-200 V for 30-50V, and an arc current. 

[0035] In this way, about each of the obtained this invention article 1-30 and the comparison article 1-5, 
using Cu target, the range of 2theta ::: 30-80 degree was diffracted whenever [ angle-of-diffraction ] from 
the hard film front face, and each peak intensity of the crystal face (1 1 1) of the hard film, the crystal face 
(200), the crystal .face (220), and the crystal face (3 1. 1 } was measured with X-ray diffractometer. The 
axis of abscissa measured the height of a peak with the respectively high reinforcement to the 1st - 3rd 
per mm among the X diffraction patterns as which an axis of ordinate expresses peak intensity in 
whenever f angle-of-diffraction (2theta) j, and, as for measurement of peak intensity, showed the result 
in Tables 4 and 5. Although great difference j the peak high to the 1st in this invention article 1-10 of 
Table 4 was the crystal face (200) and / the 2nd peak high to the 3rd / the crystal face (1 I I), the crystal 
face (220), and the crystal face (3 1 1) j hardly, the crystal face (II 1) and (311) the crystal face were 
measured. The comparison article 1-5 of Table 5 measured the crystal face, the crystal lace (1 11), and 
(331) the crystal face simi larly (200). h checked that the hard film of this invention article 1-30 at this 
time consisted of the cubic crystal structure. 

[0036] About such this invention article .1-10 and the comparison article 3-5, the condition of the hard 
film was mainly investigated using, a scanning electron microscope, a metaloscope, EDS equipment, the 
Vickers hardness tester, and the scratch testing machine that scratches and is equivalent to a hardness 
tester. The film thickness of the hard film was shown in Tables 2 and 3 among these results of an 
investigation. The scratch reinforcement measured as peeling resistance of the hard film showed each 
result in Table 6, In addition, the oxygen content in the hard membrane layer of the hard film which 
oxygen contained among the hard film of this invention article 3-10 was 0.2 atomic ratios to the whole 
nonmetalhc element (Ti, aluminum) The hard membrane layer of N was Ti:alummum-l:l mostly, 
among these this invention article 4 was N (Ti, aluminum) hard membrane layer of the inclination 
presentation which aluminum element increased gradually toward the film front face from the base 
material side. Moreover, the hard membrane layer of Ti (C, N) in this invention article 5 and 10 
consisted of a columnar crystal crystal. 

[0037] Subsequently, the following cutting conditions performed the dry type continuation cutting trial 
using this invention article I -10 and the comparison article 1-5. cutting conditions - 500 m/min and 
delivery carried [ 0.3mm and a tool configuration ] out to 0. 1 mm/rev, and slitting carried [ **-ed 
material / FCD70 and cutting speed ] out to SNGN 120408 more. When the chipping of a cutting edge 
and an enveloping layer exfoliated, the t ime of the amount of average flank wear amounting to 0.2mm 
was made into the tool life, and the result of a cutting trial found each cutting time at that time, set the 
sample of the shortest life to I, and wrote it together to Table 6 as a life ratio to the sample of the 
shortest life. 
[0038} 
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[0044] 

[Operation trial 2} Using the comparison article 3 -5 shown in this invention article )., 2. 3, 4, and 10 and 
Table 3 having shown in Table 2 of the operation trial 1 , further, as other film, the film of aluminurn203 
and TIN was covered with the approach from the former, and the comparison article 6-10 shown in this 
invention article 1 1-15 and Table 8 having shown in Table 7, respectively was obtained on each hard 
film front face, in this way, about this invention article 1 .1-15 and the comparison article 6-10 which 
were obtained, the hard film and other film were investigated like the operation trial 1 . it asked for the 
scratch reinforcement from a coat front face, and the result was shown in Table 9. Moreover, about this 
invention article 11-15 and the comparison article 6-10, the cutting trial was performed like the cutting 
conditions of the operation trial 1, and it asked for each life ratio to the comparison article I, and wrote 
together to Table 9. 
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[0048] 

[Operation trial 3] The compound sintered compact this invention article 16 - for 20 was obtained almost 
similarly except having considered as the presentation component which showed the base material in 
Table 10 among the compound sintered compacts used for this invention article of the operation trial 1 . 
On the front face of these compound sintered compacts, the hard film and other film were covered like 
the operation trials 1 and 2, and this invention article 16-20 shown in Table 1 1 was obtained, About such 
this invention article 3 6-20, like the operation trial 1 , it asked for the crystal-face peak height ratio by the 
X diffraction in a hard film front face, and the result was shown in Table 12. Moreover, about this 
invention article 16-20, almost like the operation trials 3 and 2, it asked for the scratch reinforcement 
from the hard film or a coat front face, and the result was shown in Table 13. Next; using this invention 
article 16-20 and the comparison article 1 in the operation trial 1, 300 m/min and delivers' performed 0,1 
mm/rev by the cutting conditions of SNGN 120408, 0.2mm and a tool configuration performed .[ an 
aluminum-Si alloy and cutting speed / slitting J the dry type lathe-turning trial, and **-ed materia! asked 
for each Hfe ratio to the comparison article I, and wrote together the result to Table 1 3. this invention 
article 3 8 and 19 at this time performs a brush honing process with diamond powder and a brush so that 
the film thickness of a coat may decrease toward the ridgeiine section. Moreover, Co and/or nickel of 
ultralow volume contained in the hard film of this invention article 36-20. 
[0049] 
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[0053] 

[Efiect of the Invention] The bard film covering super-elevated-temperature high-pressure sintered 
compact of this invention by consideration by the crystal structure of a base materia] and the hard film, 
and consideration by the process The hard film by the crystal growth and crystal orientation which were 
approximated to gaseous-phase method epitaxial is covered, It is [' that distortion 'by the hard film itself 
and a defect are controlled, ] the hard film of a fine crystal. It contrasts with the hard film covering 
sintered compact which separated from a conventional hard film covering sintered compact or 
conventional this invention from it being the hard film with which hard film strengthening matter, such 
as a columnar cry stal crystal and/or a metal of a minute amount; was contained depending on the ease. 
The adhesion and peeling resistance of a base material, the hard film and the hard film, other film, etc. 
are very excellent, The high toughness, the high intensity, the thermal resistance, the thermal shock 
resistance, the oxidation resistance, and abrasion resistance of the compound hard film itself are 
excellent. As the result, for example, the thing for which the high toughness to which importance is 
attached as a cutting tool, abrasion resistance, thermal shock resistance, defect resistance, oxidation 
resistance, and joining-proof nature improve notably, and reinforcement is attained when it is used as a 
cutting tool There is remarkable effectiveness that efficient-ization in cutting being attained and 
variation are small stable, 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)] 

i Claim 1] The coat is covered by the front face of the base material which becomes with the super- 
elevated -temperature high-pressure sintered compact containing cubic boron nitride and/or a diamond. 
This coat Ti compound layer which becomes by the carbide of titanium, a nitride, carbon nitride, the 
carbonation object, the nitric oxide, and the charcoal nitric oxide, And the compound nitride containing 
titanium and aluminum, compound carbide, compound carbonitride, It has the hard film which becomes 
by one sort of monolayers or two or more sorts of multilayers which were chosen from the Ti-aluminum 
content compound layers which become by the compound nitric oxide, the compound carbonation 
object, and the compound charcoal nitric oxide, this hard film - from the cubic crystal structure -- 
becoming - the front face of this hard film to a copper target -- using - (III) of this hard film, and 
(200) - when the X diffraction of the range where the crystal face is displayed is carried out, and (220) 
(311) The crystal face (200) shows high peak intensity (it expresses "A") to the 1st in an X diffraction 
peak. The ratio of high peak intensity becomes the 1st or more from 8.5 (A/'B>=8.5). peak intensity (it 
expresses "B") high to the 2nd is received - this and peak intensity (it expresses "C") high to the 3rd 
is received ~ this - the hard film covering super-elevated-temperature high- pressure sintered compact 
with which the ratio of high peak intensity (B) becomes the 2nd or less by 2.0 (B/C<-2.0). 
[Claim 2} The above-mentioned base material cubic boron nitride 40 - 98 % of the weight, The 
compound boride with which the remainder contains the carbide of Ti, a nitride, carbon nitride, boride, 
the nitride of aluminum, an oxide, boride, the nitride of Si, carbide, the oxide of Mg, the carbide of W 
and these mutual solid solutions, Ti, and aluminum and Mg, compound ******** ? anc j aluminum, Tl, 
Co, nickel, Si, These mutual alloys, the hard film covering super-elevated-temperature high-pressure 
sintered compact containing at least one sort of reinforcement distribution matter chosen from 
intermetallic compounds according to claim 1 . 

[Claim 3] The above-mentioned base material is a hard film covering super-elevated-temperature high- 
pressure sintered compact according to claim 1 or 2 with which the surface roughness of this base 
material consists of 0.1 micrometers or less by the average surface roughness by Ra of J IS. 
[Claim 4} The above-mentioned coat is a hard film covering super-elevated-temperature high-pressure 
sintered compact given in any 1 term of claims 1-3 which becomes in the laminating containing the 
layer of the aluminum oxide which adjoined the above-mentioned hard film and this hard film, and was 
covered. 

[Claim 5] The above-mentioned coat is a hard film covering super-elevated-temperature high-pressure 
sintered compact given in any 1 term of claims 1-4 which the surface roughness of this coat becomes 
from 0,1 micrometers or less by the average surface roughness by Ra of JIS. 
[Claim 6] The above-mentioned hard film Is a hard film covering super-elevated-temperature high- 
pressure sintered compact given in arty 1 term of claims 1-5 in which the columnar crystal which comes 
to be perpendicularly pillar-shaped is contained to the front face of the above-mentioned base material. 
[Claim 7] The above-mentioned hard film is a hard film covering super-elevated-temperature high- 
pressure sintered compact given in any i term of claims 1-6 which adjoin the above -mentioned base 
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material and are covered. 

[Claim 8] The above-mentioned hard film which adjoins the above-mentioned base material and is 
covered is a hard film covering super-elevated-temperature high-pressure sintered compact according to 
claim 7 which becomes in at least one sort of Ti compound layers in the carbide of titanium, a nitride, 
carbon nitride, a carbonation object, a nitric oxide, and a charcoal nitric oxide. 
[Claim 9] Ti compound layer as which the above-mentioned Ti compound layer is expressed in Ti(Cx, 
Ny, Oz) w. The atomic ratio of the carbon (C) element in a nonmetailic element and y [, however x The 
atomic ratio of the nitrogen (N) element in a nonmetailic element, The atomic ratio of a nonmetailic 
element to the titanium (Ti) element whose z is the atomic ratio of the oxygen (0) element in a 
nonmetailic element and whose w is a metallic element is expressed, respectively - x+y+z ~ - - one - 
0.5 - >- - x - >- ~ zero - one - >- ~ y ~- >- - zero . -- five - 0.5 - >- - z - > - zero - 1 .05 - 
>=:= w >:= - Q.7 - relation - It is -j ~ containing - being according to claim 8 - hard -- the film - 
covering ~ super- - an elevated temperature high pressure - a sintered compact . 
[Claim 10] The above-mentioned hard film which adjoins the above-mentioned base material and is 
covered is a hard film covering super-elevated-temperature high-pressure sintered compact according to 
claim 7 which becomes in at least one sort of Ti-aluminum content compound layers in the compound 
nitride containing titanium and aluminum, compound carbide, compound carbonitri.de,. a compound 
nitric oxide, a compound carbonation object, and a compound charcoal nitric oxide. 
[Claim 1 1] Ti-aluminum content compound layer [to which the above-mentioned Ti-aluminum content 
compound layer is expressed with w (Cx (Tia, Alb), Ny, Oz) - however The atomic ratio of Ti 
(titanium) element in a metallic element and h a The atomic ratio of aluminum (aluminum) element in a 
metallic element. The atomic ratio of the carbon (C) element in a nonmetailic element and y x The 
atomic ratio of the nitrogen (N) element in a nonmetailic element, The atomic ratio [ as opposed to / as 
opposed to /'tn Z / the atomic ratio of the oxygen (O) element in a nonmetailic element / the sum total of 
a metallic element in w ] of the sum total of a nonmetailic element is expressed, respectively - a+b - = 
-- one — 0,8— > :::: -- a - >= - zero . - four - x+y+z -- = - one - 0.5 - >= - x - >= - zero - one - >= 
y „. »ss* Z ero . - five 0.5 -- >- - z — >- — zero - 1 .05 - >= -- w - >~ - 0.7 relation - it is --] - 
- containing— being according to claim 10 - hard - the film - covering ~ super- - an elevated 
temperature -- high pressure - a sintered compact . 

[Claim 12] The above-mentioned hard film is a hard film covering super-elevated-temperature high- 
pressure sintered compact given in any 1 term of claims 1-6 which are the multilayers more than two- 
layer [ of the above-mentioned Ti compound layer and the above-mentioned Ti-aluminum content 
compound layer ]. 

[Claim 13] The above-mentioned hard film is a hard film covering super-elevated-temperature high- 
pressure sintered compact given in any I term of claims 1.0-12 which aluminum element content in the 
above-mentioned Ti-aluminum content compound layer becomes from the front face of this Ti- 
aluminum content compound layer by the inclination presentation which decreased toward the above- 
mentioned base material side. 

[Claim 14] The above-mentioned hard film which adjoins the above-mentioned base material and is 
covered is a hard film covering super-elevated-temperature high-pressure sintered compact given in any 
1 term of claims 7- 1 3 which at least one sort of hard film strengthening matter chosen into this hard film 
from the metals of nickel, Co, W, Mo, aluminum, and Ti, these mutual alloys, and these intermetallic 
compounds contains. 

[Claim 15] A hard film covering super-elevated-temperature high-pressure sintered compact given in 
any 1 term of above-mentioned claims 1-14 is a hard film covering super-elevated -temperature high- 
pressure sintered compact used as a cutting tool. 

(Claim 16] The above-mentioned cutting tool is a hard film covering super-elevated-temperature high- 
pressure sintered compact according to claim 15 with which the film thickness of the above-mentioned 
coat is decreasing toward the ridgeline section. 
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